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Abstract In this note we report on changes of activity level
of littoral fish and their use of different microhabitats in an
altered intertidal environment, where intertidal fish are
never emersed and turbulence is confined to high tides.
Despite these atypical conditions, the structure of the
assemblage is basically the same found in a typical rocky-
shore situation. Two intertidal fish known to possess
internal tidal rhythms, Lipophrys pholis and Coryphoblennius
galerita, retain those rhythms in these altered conditions, and
the associated social changes in L. pholis are also retained.
These observations support the studies of Gibson (1971),
who showed that changes in hydrostatic pressure were of
prime importance in keeping the tidal rhythm entrained. The
subtidal Parablennius pilicornis, on the contrary, is more
active during low tide than at high tide. The hypothesis that
some subtidal species are excluded from the intertidal by a
turbulence-avoiding mechanism is discussed.
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Introduction
Most studies on the vertical distribution of littoral fishes
were based on observations made during low tide, a period
when intertidal fishes are confined to shelters like pools,
crevices or spaces beneath boulders (Gibson 1972, 1982,
1986; Horn et al. 1999; Faria and Almada 2001). However,
the information collected at low tide probably provides a
biased picture of the behaviour and ecology of these fish
assemblages, since they provide only information on the
period when fish are least active (Gibson 1967).
Experimental laboratory studies on activity rhythms
consistently show that the level of activity of intertidal fish
tends to oscillate with the tidal cycle, being lowest at low
tide (e.g. Gibson 1967, 1970, 1971). These tidal rhythms
seem to be endogenous, persisting for varying lengths of
time under constant laboratory conditions (see Gibson 1982
for a revision).
Gibson (1967, 1969) compared the rhythmic behaviour
of intertidal fish with that of closely related species that are
subtidal, or live in conditions where the tides are negligible,
such as the Mediterranean. These studies showed repeatedly
that the non-intertidal species fail to display tidal-driven
rhythms in the laboratory.
Although the studies on tidal rhythms mentioned above
demonstrate that tidally driven clocks persist under constant
laboratory conditions, they often provide little insight into
the environmental stimuli that are effective in keeping them
synchronized with the tidal cycle. A remarkable exception
was the experimental work by Gibson (1971), which
demonstrates that for Lipophrys pholis mere fluctuations
in hydrostatic pressure are sufficient to keep the tidal
rhythm entrained. In typical natural situations, the physical,
chemical and biological variables that change with the tide
are numerous, so the number of potential cues that can
affect the behaviour of fish is also high.
In this note we took advantage of the construction of a
semi-natural pool that changed the typical intertidal
conditions and reduced the number of variables that change
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with the tidal cycle within its confined space, providing a
kind of “field experiment” that we believe may shed some
light on the factors that control the behaviour of rocky
shore fish.
Materials and methods
The study area was a semi-natural pool at Estoril, near the
mouth of the Tagus river, in Portugal (38°41′N, 9°22′W).
This pool was created by building a concrete wall along a
stretch of the rocky shore, a few meters from the coast and
closed at both ends. The top of the wall lies bellow the
high-water level, thus, during high tide water moves freely
between the pool and the sea. However, when the tide
ebbs the pool retains its water, so that the typical low-tide
emersion never occurs. Contrary to a typical intertidal
situation, the intertidal fish present in the area are never
emersed. Furthermore, wave action is limited to high tide,
except when the sea is rough and waves break over the
wall. As a result, the effects of emersion and turbulence are
virtually absent.
Observations were made along nine transects on three
types of microhabitats: (1) horizontal rocky platforms, (2)
vertical rock walls and (3) sand and stones on the bottom of
the pool (three transects on each microhabitat). The rock
walls were 1.0–1.6 m high, and water depth ranged from
1.8 to 3.8 m at low and high tides, respectively. Therefore,
the platforms that were above the rock walls still had 0.2–
0.8 m of water above them at low tide and 2.2–2.8 m of
water above them at high tide (spring tide data). Although
this area was always under water, the algae and invertebrate
cover differed among the microhabitats. The rocky plat-
forms presented a typical intertidal cover, comprising
Chtamalus sp., Patella sp. and Corallina sp., while the
rock walls supported typical subtidal algae such as
Asparagopsis armata, Nithophyllum sp., Colpomenia sp.
and Cystoseira sp.
The observations were based on visual censuses made by
snorkelling and scuba dives, always during day time. On
each day, two dives (each of 1-h duration) were undertaken;
one at the low tide and the other at high tide. A total of 20
dives were performed (10 dives at low tide and 10 at high
tide). For each dive, the species, depth at which fish were
observed and whether the fish was active or inactive was
recorded on an underwater writing pad. A fish was con-
sidered active when it was observed feeding or performing
the typical blenniid short bouts of movement. Fish that
were hidden or motionless were classified as inactive.
To analyse the distribution of the different species on the
three microhabitat surveyed at high tide and low tide,
respectively, data from all observations were pooled and the
resulting contingency tables were analysed with the
simulation statistical procedure ACTUS (Estabrook and
Estabrook 1989). This approach has the advantage of being
free from the assumptions of traditional χ2 tests, and allows
the assessment of the significance both of the entire table
and the individual cells. The number of fish recorded at the
high and low tide observations of each day were compared
with Wilcoxon match pairs test, as implemented in the
computer program Statistica for Windows (ver. 4.5, C.
Statsoft Inc. 1993).
Results
When comparing the number of fish of each species
observed on the different microhabitats at high and low
water (Table 1), several significant differences are apparent
(low tide: χ2=255.36, d.f.=10, p<0.001; high tide: χ2=
446.56, d.f.=10, p<0.001). Parablennius pilicornis and
Tripterygion delaisi were mainly present on the rock walls
at low tide and on the rock bottom at high tide, never being
observed on the rocky platform. All other species recorded
were present on all microhabitats at all tidal phases. Both L.
pholis and C. galerita were much more abundant on the
Table 1 Numbers of individual fish representing each species recorded utilising three microhabitats at high and low tide in a modified intertidal
environment (the numbers of fish of each species recorded during all observations were pooled)
High tide Low tide
Bottom Rock wall Rocky platform Bottom Rock wall Rocky platform
Coryphoblennius galerita 8 28 150 5 10 5
Lipophrys pholis 0 28 450 8 38 98
Lipophrys trigloides 11 2 13 6 2 20
Parablennius gattorugine 8 15 10 30 15 5
Parablennius pilicornis 10 0 0 13 28 0
Tripterygium delaisi 10 10 0 10 88 0
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rocky platform in both tidal phases considered (68–94% for
L. pholis and 25–81% for C. galerita). Lipophrys trigloides
was more abundant on the platform especially during low
tide. Parablennius gattorugine was more abundant on the
bottom or on the rock wall than on the platform, but there
were always some individuals present on the platform,
especially during high tide.
Both L. pholis and C. galerita were significantly more
visible and were more active during high tide (Wilcoxon
match pairs tests: Z=2.70, p<0.01, N=10 and Z=2.80, p<
0.05, N=10 respectively). During low tide, both species
were mostly inactive on the substratum or near a topo-
graphic feature. In the case of L. pholis, fish were often
observed in small groups, with fish laying still in close
contact with one another. In contrast, P. pilicornis was
significantly more active during low tide (Wilcoxon match
pairs tests: Z=2.37, p<0.05, N=10). For the other two
species, L. trigloides and P. gattorugine, there was no
significant difference in their abundance between tides. For
T. delaisi we lacked enough data for a reliable analysis.
Discussion
The three common intertidal species studied (C. galerita, L.
pholis and L. trigloides) were present in all depths sampled,
but were significantly more abundant in the upper zone
(rocky platforms). On the contrary, two of the three subtidal
species studied (P. pilicornis and T. delaisi) were restricted
to deeper water (rock walls), although the upper limit of
their distribution was very close to the rocky platform.
P. gattorugine occurred in all depths studied, moving up
during high tide. Faria and Almada (2006) reported the
presence of both juveniles and adults of this species in the
highest shore levels during high tide. Milton (1983) had
already suggested that the adults of this species must
migrate to some extent to the intertidal to feed. Thus, a
first conclusion of the present study is that even without
emersion at low tide, the typical separation of intertidal
and subtidal fish tends to be preserved in this altered
condition.
Two of the three intertidal species, L. pholis and C.
galerita, presented a rhythmic activity, being less active
during low tide, despite there being enough water to permit
fish to move along the platform. L. trigloides was not
observed to have any activity pattern related to the tidal
cycle. On the other hand, this species seems to move to
higher depths at high tide. Faria and Almada (2006) found
this species to be restricted to the low intertidal during low
tide, being more abundant in the subtidal during high tide.
Thus, the two more specialized intertidal fish, L. pholis and
C. galerita, retained their tidal activity rhythm even in
conditions of permanent submersion and when water would
allow free movement at low tide. This result is consistent
with the hypothesis of Gibson (1971), which points to the
role of tidal variations in water pressure as an important cue
for the entrainment of fish tidal rhythms.
The observation of L. pholis during low tide deserves
mention. This fish, which shows some level of agonistic
behaviours even when juvenile (Gibson 1968; Faria et al.
1998), are observed sheltered out of water in groups of
several individuals, under the protection of crevices, often
packed in close contact with each other (Faria and Almada
2001). In the present study the formation of tight groups
was also observed during low tide, demonstrating that this
reduction of aggression and tolerance of contact of
conspecifics in shelters is not caused by the lack of water
and the need to use the available crevices.
In sharp contrast with L. pholis and C. galerita, the
subtidal P. pilicornis was most active at low tide. Its habitat
extends many meters into the subtidal, well below the zone
where wave turbulence is important. It will be interesting in
the future to see if its increase in activity at low tide is
driven by an internal clock or merely reflects a behavioural
mechanism that enables this fish to avoid swimming in
turbulent conditions.
The results reported in this note, limited as they are,
highlight the gaps in our knowledge of the behavioural
mechanisms that may regulate the distribution of the rocky-
shore fishes and specifically the relative contributions of
internal clocks and immediate responses to environmental
stimuli. Such an understanding is not only a challenge for
those interested in the physiological mechanisms control-
ling rhythmic behaviour, but to assess the role of behaviour
in structuring the rocky shore fish communities, niche
segregation and differential use of microhabitats by
different species.
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